Abstract. Lagrangian Hydrocodes is the main simulation tool in multi-material compressible flows of high temperature and high pressure. The important problems we are up against are how be should confidence in modeling and simulation be critically assessed. The verification and validation (V&V) of computational simulations are the primary methods for building and quantifying this confidence. Verification is the assessment of the accuracy of the solution to a computational model by comparison with known solutions. Validation is the assessment of the accuracy of a computational simulation by comparison with experimental data. In this paper, The verification and validation (V&V) of Lagrangian Hydrocodes of multi-material compressible flows was present. Verification of the LAD2D Software was implemented by the Sod problem. Validation of the LAD2D Software was implemented by the cylinder test.
Introduction
Lagrangian Hydrocodes is the main simulation tool in multi-material compressible flows of high temperature and high pressure. The important problems we are up against are how we should confidence in modeling and simulation be critically assessed. The verification and validation (V&V) of computational simulations are the primary methods for building and quantifying this confidence. Briefly, verification is the assessment of the accuracy of the solution to a computational model by comparison with known solutions. Validation is the assessment of the accuracy of a computational simulation by comparison with experimental data [1] .
The Computational Model Governing Equations
We consider the following set of equations for a two-dimensional multi-material compressible fluid system with elastic and plastic terms written in Lagrangian formalism: In order to track the discontinuity near the shock, we introduce artificial viscosity, and it will be turn on only when the strain ratio is negative. We take it to be the linear combination of Landshoff Viscosity and Von Neumann-Richtmyer viscosity, the Von Neumann-Richtmyer viscosity is in the following form:
where NR l has length dimension,
; NR a -Von Neumann-Richtmyer viscosity coefficient; A is the area of the cell, Landshoff viscosity is given by:
The Jones-Wilkins-Lee (JWL) equation of state (EOS) is used for the reacted and un-reacted gases in the explosive regions. The EOS of the pressure-dependent JWL type is found to be
where EOS P is the pressure, V is relative specific volume, and ω ω ω ω are constants to be calibrated. The calculated pressure of the shock wave by using JWL parameters determined by the numerical method agrees with experimental results. To account for the effect of combustion on detonation dynamics, the pressure in the high explosive regions is computed by using
The burn fraction F that control the release of chemical energy is computed by 
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Lagrangian Finite Volume Formulation
The computational method is Lagrangian finite volume on arbitrarily polygonal grid. To each node, e.g. The discretisation formulation of velocity in α α α α is given through discretion of the momentum equation in the following: The discretization of the other equations is given in the following section.
For example, the internal energy equation has the following form:
We can discrete (17) on cell i , and use the following sequence to compute step by step 
Lagrangian Adaptive Hydrodynamics Code in Two Dimensional Space
LAD2D (see Figure 2) is the abbreviation for Lagrangian adaptive hydrodynamics code in two dimensional space, which is a self-developed computational software and aims at studying detonation fluid dynamical system with elastic-plasticity structure [2, 3] .
Verification and Validation of the LAD2D Software

Verification of the LAD2D Software
The fundamentals of verification are to identify measure and reduce errors in the computational model and its numerical method. There are two types of verification. One type is solution verification, another is code verification. Solution verification is to quantitatively evaluate the numerical precision of discretization methods for boundary and initial conditions and discrete solutions of PDEs [4] . The Sod problem (Sod 1978 ) is an essentially one-dimensional flow discontinuity problem which provides a good test of a compressible code's ability to capture shocks and contact discontinuities with a small number of zones and to produce the correct density profile in a rarefaction. It also tests a code's ability to correctly satisfy the Rankine-Hugoniot shock jump conditions [5] . The fluid is initially at rest on either side of the interface, and the density and pressure jumps are chosen so that all three types of flow discontinuity (shock, contact, and rarefaction) develop. To the "left" and "right" of the interface we have: . Near the contact discontinuity and in the rarefaction we find small errors of about
in the density and specific internal energy, with similar errors in the velocity inside the rarefaction. Elsewhere the numerical solution is exact; no oscillation is present.
Validation of the LAD2D Software
Validation is a process of determining the degree to which a model is an accurate representation of the real world from the perspective of the intended uses of the model. It is the process of determining the degree to which computational simulation results agree with experimental data and real world. The fundamental method of validation involves identifying and quantifying the error and uncertainty in the physical and computational models [6, 7] , quantifying the numerical error in the computational solution, estimating the experimental uncertainty, and then comparing the computational results with experimental data. Cylinder test is to put the detonator into a copper tube of equal thickness, which is detonated from one side and measured by a high-speed rotating camera. This kind of tests is a standardized test to determine the detonation JWL state equations and evaluate the reaction process. The schematic diagram of cylinder test is arranged as Figure 4 . The computational domain is shown in Figure 5 [8, 9] . The simulation and test results are compared in Figure 6 , which is comparison with each other, verifying the effectiveness of this parameter calibration approach. 
Summary
The credibility of the simulation result or prediction result in the engineering numerical software has an important influence on decision-making. Engineering application software V&V is a critical method used for evaluating the credibility of the software and simulation result. we proposed the V&V methods of Lagrangian Hydrocodes of multi-material compressible flows. The paper refers to three main aspects including correctness verification in software mathematical theory, adaptability validation in physical modeling, and uncertainty quantification in model. Evaluating the credibility of physical model is a process, in which primarily use the experiment data from different hierarchical validation experiment to evaluate its adaptability and quantify its uncertainty. The basic framework of the module verification methods and the function validation method were proposed, composing the detonation fluid dynamics model V&V methods of LAD2D. The idea of V&V strategy can be also applied other physical model in fluid dynamics and other software in complex engineering.
